Introduction: Acute stress induces increases in plasma inflammatory mediators, which do not habituate to repeated stress. Inflammation is a risk factor for age-related illnesses, highlighting the need to understand factors controlling inflammation. No studies have examined changes in pro-and anti-inflammatory gene expression in response to repeated acute stress in humans. Methods: RNA was isolated from peripheral blood before, 30 and 120 min after exposure of n = 32 healthy human participants to the Trier Social Stress Test (TSST) on two days. Gene expression of interleukin (IL)-6, IL-1b, nuclear factor (NF)-jB and IjB was measured repeatedly on both days. We further assessed leukocyte numbers, plasma IL-6, and salivary cortisol. Results: Stress induced IL-6 (F = 44.7; p < 0.001) and cortisol responses (F = 18.6; p < 0.001). Cortisol responses habituated (F = 5.1, p = 0.003), but IL-6 responses did not (n.s.). All genes increased in response to initial stress (IL-6: F = 3.8; p = 0.029; IL-1b: F = 7.1; p = 0.008; NF-jB: F = 5.1; p = 0.009; IjB: F = 4.7; p = 0.013) and showed habituation to repeated stress (IL-6: t = 2.3; p = 0.03; IL-1b: t = 3.9; p = 0.001; NF-jB: t = 2.1; p = 0.041; IjB: t = 3.1; p = 0.005). Day 1 responses of IL-1b and IjB were not explained by changes in leukocyte populations, but IL-6 and NF-jB, as well as most day 2 changes were not independent of leukocyte populations. Conclusions: Stress response and habituation of pro-and anti-inflammatory gene expression as found here might indicate that even on an intracellular level, inflammatory responses to acute stress are adaptive in that they respond to initial, but habituate to repeated, similar stress. Future studies will need to test whether non-habituation is predictive of disease.
Introduction
Life stress has been reported to increase the risk of disease, particularly depression, cardiovascular disease, and cancer (Cohen et al., 2007) . Experiencing stress responses repeatedly over the course of the lifetime may take a toll on the stress response systems, which could explain the link between stress and disease (McEwen, 1998; McEwen and Stellar, 1993) . There is great variation in how individuals respond to repeated exposure to stress (Rohleder, 2014; von Kanel et al., 2006) and this may explain some variability in why some individuals suffer from disease when others do not, when other factors such as lifestyle choices and genetic factors are controlled for. While much is known about how endocrine and extracellular immune mediators such as interleukin-6 (IL-6) respond to repeated acute stress, little is known about how the stress signal is processed within individual cells.
Our understanding of how stress exposure is linked with adverse health outcomes has improved significantly in recent decades. Exposure to chronic life stress has been shown to be prospectively related with morbidity and mortality (Cohen et al., 2007) . Chronic stress is associated with elevated plasma concentrations of inflammatory molecules such as IL-6 or CRP (e.g., (KiecoltGlaser et al., 2003; Rohleder et al., 2009) ). Elevation of plasma IL-6 levels is a prime candidate for transducing chronic stress into increased risk of disease, as many diseases are related to inflammation (Rohleder, 2014) . For example, resting IL-6 concentrations are positively correlated with the incidence and progression of cardiovascular disease (Black and Garbutt, 2002; Danesh, 1999; Danesh et al., 1998; Pasic et al., 2003) .
